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ELECTROCHEMICAL BIOSENSORS AND PROCESS FOR IHEIR 
PKEPARATION 

* ■ ■ • 

FIELD OF THE INVENTION 

• * 

The present invention concerns new electrochemical bioscnsois based on composite 
5 '^ansducerscontainingsolidMndingmakeB.preparedbyh^^ 
the bulk of said tnu««h«efs or by ajT,lying a bioditalytic lay« 
transducers. Tie biosensors of the invention arc useM in the determination of the 

concentration of specific analytes in sample solutions or susp^ 
PRIOR ART DISCLOSDRE 

10 A biosensor is a device incorporating a biological sensing element either intimately 
connected to or integrated within a transducer. Its usual aim is to produce electronic 
signals, which are propoitiohal to the concentration of the specific substance which has to 
be detennined. 

Analytical advantages of biosensors corrist in their specificity, sensitivity, simple 

15 manipulation, rapid response and consequent low costs of analysis. These specific and 

sensitive devices have been nsdd in medical diagnostics, in monitoiing food quality and 

fr«jhness, in enviromncntal monitoring, in fcimcntation and analyUcal control, and so 
on. 

Electrochemical biosensois, cspedally amperometiic ones, play a significant role in the 
20 applications of these devices. Ampcromctric biosensors of the second generation, based 
on redout reactions, are characterized by the use of chemical mediators instead of 
molecular oxygen. During the transfonnaUon of a substrate by a bioacUve material, 
chemical mediatois shuttle electrons fiom the redox centre of the biocatalyst itself to the 
indicating electiwie and the coiresponding ampcromctric signal is incasur^^^^ 
25 One of the most promising groups of chemical mediatois consists of metalloccnes, and 
in particular fenocencs. Jbt first successful enzyme electrode based on.fenocene was 
prepared by . Cass et {Ami Chem. 56, 667-671. 1984); in this glucose sensitive 
sensor, the electrode was prepared by soaking a spongy carbon foil with l.l'-dimclhyl- 
fenoccne and the enzyme glucose oxidase was cbemicaDy immobilized on the surface of 
30 this electrode. 

Utei on, Dicks et al. {^nn. Biol. Clin. 47, 607-619. 1989) prepared a gold 
microclectrode covered with a polypynol fihn. on which glucose oxidase and fcnoccnc 
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were adsoifoed. However, these electrodes, bavipg chemical mediators adsorbed on the 
suiface of the device^ show poor stability due to the leaking of the imediatpis. out of the 
transducer. 

Since the late 198Qs, intensive research activities were devoted to the development of 
biosensors based on Carbon Paste Electrodes (CPE); a carbon paste electrode is a 
mixture of electrically conducting graphite or carbon with a pasting liquid, e.g. parafBn 
oily silicon oil, Nujol etc. 

This kind of electrodes has the advantage of allowing bulk modiGcation of the elctrode 
material with biocalalysls, as well as with other advantageous components, essential, for 
the effective functioning of the device. Furthermore, bulk modification allows to create 

' . * * ■ 

sensors with renewable surfaces, so that each measurement can be performed on a new 
surface of the electrode, thus avoiding the drawbacks due to previuos measurement, 
residuals. 

A CPE is commonly prepared by mixing carbon or graphite powder with a biocatalyst, a 
chemical mediator and optionally a co-factor, and by finally adding one of the above 

• • • 

mentioned pasting liquids. The thus obtained paste is packed iii a suitable tube, so to 
obtain a disc electrode (L Gorton, Electroanafy^, 7, 23-45, 1995). These biosensors 
can be used for the detection of different anaiytes, such as glucose, fructose, galactose, 
ethanol, glycerol, aminoacids, lactate, xanthines etc^ and are based on the corresponding 
oxidases and co-factor dependent dehydrogenases. 

Nevertheless, CPE based biosensors show the following practical drawbacks and 
liinitati(His: 

i) poor mechanical, properties, due to their, paste creamy character imparted by . the 
pasting liquid, often leading to eas^ disintegration of the system; 

ii) poor compatibility of the paste with the biocatalytic enzyme, due to their opposite 
cherm'cal properties (an enzyme is usually, hydrophiiic, while paste is strongly 
hydrophobic), often leading to phase separation (biocatalyst/transducer); 

iii) leaking of the mediator out of the CPE, due to poor compatibility of CPE with the 
mediator. 

Finally^ the above mentioned features of CPE hinder or significantly reduce the electron 
transfer from the biocatalytic site to the electrode. 
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A E a CBS R ft Sm, (r»Kh in Bec«*l«a&;j Bto^ 

Pf .nnsduc,. ^ covaW, wi4 fe^^, . 

c™|.«™„ is i^ ^ ^ , ^ 

c^ft,™,,^ „f s^l, v>d„ *pe«.i„, ,^ Of ^ „, 

»bs„«e ■» b. deuced i. s»„pfc. ^^.^^ ^ ^ 

^ '^='^'('"^Pfc.»=.oli80s«d»dde^c^ 
15 Cham linked to the main Chain, crc.). 

Ncv^Uaeless, «.e coval.„t at.ad„„cot of a ««.dia.or ,o .he et^me has U.e grea. 
«hsadvanu.ge of changing the electrochenrical pn^es of the mediator itself 
conse.p,enlly reducing its mobility and affecting its leacdon nt.c with .he enzyme 
Moreover, procedures and operative condiuor« ««d in the modificadon of enzymes 
-0 are radrer dn«.ic for biocat^ysts; chemical modification can sigmficantly red™, 
enzyme activity and stahibtyjeading to a consequent decrease or .otaJ loss of activity 
When naturaUy low-«able enzyr.es are used Furthermore, said chermcal modiOcatioa 
leads to an increase of pioductiwi costs. 

TTierefore. i. is feh «,c need of devising alternadve electxochemi^^ 

25 higher stability and efficacy wiArespea to Ore known devices. 

SimiMARY OF THE INVENTION 

Now. the Applicant has unexpectedly found new electrochemical biosensors based on 
composite transducers, comprising at least a solid binding maker, as defined hereunder 
able to overcome the drawbacks of the prior art. ' 
30 The biosensors of the invention comprise: 

a) at leas, an electrc-conducting material, in the form of powder or grains; 

b) at least a chemical mediator. 
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c) optionally, a substance capable of sorption of said chemical mediator; 

d) at least a solid binding maker, which is a compomid in sdid state at p 
temperature, selected from the group consisting of: linear or biandbed, saturated or 
unsaturated hy drocarbons, containing from 12 to 60 carbon atoois, preferably from 12 to 

5 30 carbon aloiqs, optionally substituted with at least a group selected from -rOH, -SH, - 

* - 

NH2, -CO-, --CHO, -S03H, -COOH, -ORl, -SRI, -N1UR2 and -COORl, wbcrcin 
Rl and R2 axe independently bydrocaibon groups C1-C30, optionally containing one or 
more heteroatoms; esters of fatly acids with glycerol; and esters of fatty adds with 
cholesterol; and 

10 e) at least a biocatalyst, selected frorn the group consisting of enzymes, cells, cellular 
components, tissues, imnjunoprotcins and DNA. 

In the biosensors of the invention^ said biocatalyst (e) can be either incorporated into the 

body of the composite transducer, made up of cornponents (a)-{d), or applied onto the 

surface of said composite transducer, in the form of a film layer, 
15 Thebiosensorof the invention can be optionaUy covered by a suitable membrane. 

When said biocatalyst is an enzyme requiring the presence of the corresponding co-^ 

factor, the biosensors of the invention comprise even said co-factor. 

Furthermore, the present invention concerns a process for the preparation of a biosensor 

as described above, comprising the following steps: 
20 1) mixing said elecfro-H»nducting material with said chemical mediator; 

2) optionally mixing the mixture obtained in step (1) with said substance capable of 
sorption of the chemical mediator, 

3) optionally mixing the nuxture obtained in step (1) or (2) with said biocatalyst; 

4) suitably mixing the mixture obtained in step (1), (2) or (3) with said solid binding 
25 ..maker; 

5) introducmg and optionally pressing die mixture obtained in step (4) in a suitable 
holder, thus obtaining a compact form; 

6) when step (3) is not worked ouL applying a biocalalytic layer onto die surface of die 
transducer obtained in step (5); 

30 7) optionally covering die biosensor obtained in step (5) or (6) with a suitable membrane. 
A ftmhcr object of die present invendon is a procedure for the determination of analytcs 
concentration in sample solutions or suspensions, comprising applying suitable electrode 
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potenuaV contacUng U,e bioseosor of U« toventioa wi,h>id san,plc soludons or 
susp^sions and finally .„as«i„g ch^ges. which arc proportional .0 fte 

concentration of the analyte, 

DESqUPnON OF THE DRAWINGS 
5. Figure 1 shows a prefer«d embodimen, of a bio^««r according ,0 the present 
invention, wherdn the composite tr^„«r 2 is cylindricaHy shaped and is aiiocated ^ 

an envelope i, "ade up of a glass or plastic cylinder; a n^embrane or net 4 can fix 4e 
biocat^dyst to the transdueer 2. In Kgure M. said biocatalys^^ 
of said transducer 2 in the form of a layer 3; in Figure IB. said biocatalyst 5 is 
10 incorporated into the bulk of the transducer 2. 

Figuns 2. 3, and 13 a« cyclic voltammognuos obtained with transducers prepared 
respectively in examples 1, 2 and 12. 

Figure 4 shows the lelaUonship between current value and glucose concentration wid, 
the "bulk" biosensor prepared in example 3. 

15 ^S^^Sshowstherelationshipsbetweenpolaxizat^ 

the bK^ensor of example 3 (curve 1) and of a similar biosensor, not comprising a soUd 
bmdmg maker, prepared as described in die comparative example 4 (curve 2)l 
Figures 6-8, Ifi, 14 and 19 show the relaUonship between current values and glucose 
concentrations wiU. the biosensor prepared respectively in examples . 

» Figures 9, 11, 12 and 16^18 show the relationship between cuixent values and edianol 
concentrations with the biosensors prepared respectively i„ examples 8. 10 11 and 15- 

Figure 15 shows U«. relationship between c»m»t value and ^^^^^^ 
the biosensor prepared in example 14. 

DETAlIiD DESOOFnON OFTHEINVENTION 

The characteristics and the advantages of the new electrochemical biose««n based on 
new composite transducers, according to the present invention, will be better reported in 
the foUowing detailed description. 

TT>e biosensors according .0 the present invention are capable of quantitatively 
dctennining a specific analy.e contained in a sample, such as a solution or a susperisior.. 
m a rapid and easy manner, furthermore, said biosensors show good mechanical 
properties, particularly compactness and plastidly. and do not disgregate dming the use. 
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These advantages are niainly due to the use of solid binding maker as essential 
innovative component, of the transducer, giving solid compaa mixtures with high 
siabiiity, efficient communication between redox center and electrode, stability of the 

• ' * * 

biocatalyst and retention, of the chemical mediator, thus overcoming carbon paste 

5 drawbacks of the prior art. 

Ajccording .to a preferred embodiment of the biosensors according to the present 
invention^ said electron-conducting material, said cheniical. mediator, said solid binding 
maker and optionally said substance capable of sorption of said chemical mediator are 
mixed together and pressed to give the composite transducer, in the fonn of a compact 

10 solid mixture. The biocatalyst can be either incorporated into the bulk of said composite 
transducer or applied onto the transducer surface in the form of a film layer. 
According to another embodiment of the biosensors of the invention, the composite 
transducer does not contain the chemical niedialor, which is directly added to the sample 
• solution or suspension to be tested. 

15 Alternatively, said chemical mediator can be contained, at the same time, in. the. 
composite transducer and in the sample solution or suspension. 

Said electro-conducting material, in the form of powder or grains, is preferably selected 

* ♦ * ' • ' 

from the group consisting of metals, such as gold, platinum, palladium, iridium, and their 
. alloys, carbon and ^ graphite. This electro-contducting material has preferably , a 
20 granulometiy rariging from 0:05 to 200 pm. 

iSaid chemical mediator is one of the natural and synthetic mediators commonly used in 
the bioseiisors known in art, and is preferably selected from the group consisting of 
cytochromes, quinones, aminophenols, electionacceptor aromatic, compounds (e.g. 

TrF=lctrathiafiilvalcne and NMP=N-inethylphenazimumX eiectrondonor aromatic 

• ■ . ' 

25 compounds (c-g. TCNO=letracyano-p-quinodimethaiieX organic conducting salts (e.g. 
TTF.TCNQ = letralhiafulvalcnc 7,7,8,8-letracyano-p-quinodimethane and NMP.TCNQ 
=: N-methylphenazinium 7,7,8,8-tetracyano-p-quinodimelhane), organic dyes, 
metallocenes, orgahomeialiic complexes of Os, Ru and V, inorganic complexes of Fe. 
More preferably, said chemical mediator is ferrocene, l,r-dimethyi-ferroccne, 

30 hexacyanoferrate(D)or hexacyanofenate (ni). . * 

Said substance capable of soiplion of the chemical mediator is any substance having 
adsorption and ionic-exchange properties, preferably selected from the group consisting 
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S^soM^e » , c«„,»„d wlM, is fa solid a« al iemn.„. 
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chemical medbtor (the presence of which is only optional), thus accounting to physical 
inimobilisaticki of lx>th the bioc^talyst and the chemical me 

Said solid binding inaker is also able to secure a suitable molecular enviromnent within 
the transducer body, whidi allows an efGdent electron transfer among the redox centre 

5 of the biocatalyst, the chemical mediator and the conducting material, and subsequently 

* ' ' . . ■ * - . . ' ' ■ • ' 

great effectivity of the biocatalytic process, high conductivity and stability, during t>oth 
storage and iise. 

Finally, thanks to said solid binding makers, it is possible to obtain solid-state 
transducers according to the desired forms and shapes; the absence of Uiese binding 
10 makers leads to a drastic reduction of the biosensor performance and to the loss of its 
mecham'cal properties. 

Said biocatalyst can be constituted of one or more enzymes able to catalyse a redox 
reaction, cells, cellular components, tissues, immunoproteins or DNA. 
. Preferably, said biocatalyst belongs to one of the following classes: 
15 - enzymes, preferably selected from the group consisting of glucose oxidase, galactose 

• ■ ■ ■ ■ » ■ 

oxidase, glycoUate oxidase, alcohol oxidase, cholesterol oxidase, polyphenyl oxidase, 
ascorbate oxidase, lipoxygenase, lipoxidase, peroxidase, catalase, xanthine oxidase, 
P3rruvate oxidase, p-galactosidase, invertase, cbolioesterase, citrate lyase, amylases and 
mixtures thereof; 

20 - en^mes which require the presence of a co-faaor, in association with said cd-factor, 
preferably selected from the group consisting of glucose dehydrogenase, alcohol 
dehydrogenase, fructose dehydrogenase, malate dehydrogenase, lactate dehydrogenase, 
mannitbl dehydrogenase, glycerol dehydrogenase, isodtiate dehydipgeiiase, gabctose 
dehydrogenase, glucose phosphate dehydrogenase, tartrate dehy(ht>genase and mixtures 

25 thereof; 

- cells, preferably selected from the group, consisting of Gluconobacter mdajis, 
Escherichia cpli^ Aspergillus ni^cr, Pseudotnonas fluorescens, Trichosporon brassicae, 
Saccharomices ccrevisiae^ Breviacterium lactofermentum, Enterobacter agglomerans, 
LeuconosfQC mesenterpides, Nocardia erythropolys and mixtures thereof; ■ 
30 - immunoproteins and immunosystems based on antibodies labelled by enzymes. 

When the enzyme requires the presence of a co-factor, said co-factor is preferably 
selccied from the group consisting of NAD, NADH, NADP, NADPH, FAD, FMM and 
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quiDones. The co-factor is contained, as well as the conesponding «aizyine, in the 
biosensorof ibe invention: 

lii paiticul^, according to a embodiment, both the enzyme ; and the 

conesponding co-factof can be contained in the bulk of said biosensor; altcmaUvely, 
both the enzyme aiid the conesponding co-fector can be applied onto the surface of said 
transducer, in the fonn of a layer; othcnvisc, the enzyme can be applied as a layer onto 
the surface of said tiansduccr, while the corresponding co-factor is incorporated in the 
body of the transducer itself. . 

The bioscijsois of the invention can be optionally covered with a suitable membrane. 
Said membrane can be one of the different types of dialysis membranes known in the 
state of the art, preferably based on cellulose acetate or ccUophanc®, of it can be a 

membrane based on nitiocelluloa^ PVQ Teflon, Nylon, polycarbonates or polycstcis. 
The quantitative composition of the above described composite tiansduccr, with 
reference to 100 parts by weight of the composite transducer itself composed of 
15 components (a)-(dX is as follows: 

a) electro-conducting material: from 20 lo 80%, and preferably fiom 3D to 60% by 
iWcight; 

■ 

b) chemical mediator: from 05 to 30%, and preferably from 1 to 10% by weight; 

c) substance capable of sorptiM of said chemical mediator from 0 to 30%. and 
preferably from 1 to 20% by weight. When said substance is silica, alumina of zeolites, 
from 0 to 30%, and preferably from 5 lo 20% by weight; when said substance is 
Nafion®, from 0 lo 5%, and preferably from 1 to 3% by weight; 

d) soUd binding maker from 10 to 80%, and preferably from 30 to 60% by weight. 
In the "bulk" biosensois according to the present uivention, the biocatalyst content 
ranges from 1 lo 30% by weight, with lespecl to the weight of the composite transducer. 
When said biocatalyst is an enzyme requiring the presence of a co-factor, the quantity of 
co-factor ranges from 0.5 to 30%, and preferably from 3 to 10% by weight of the 
composite transducer. 

The biosensor of the present invention can be prepared according to different shapes and 
geometnes. Figure 1 shows a cylindrical biosensor; however, it can be prepared even in 
other geometrical shapes, such as in the form of paralJelepipedon, sphere, plate, film, 
screen printed layer and so on. 
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The composite tiaiisducer can be prepared.according to the following steps: 

1) said dectro-condiicting material is mixed with said chenuc^ 

■ ■ ' . - • 

2) the thus obtained mixture is optionally mixed with said substance capable of sorption 
of the chemical mediator; 

5 3) the mixture obtained in step (1) or (2) is suitably mixed with said solid binding maker; 
4) the mixture obtained in stage (3) is introduced and optionally pressed in a compact 
form^ thus obtaining the composite transducer. Said compositcf transducer can be 
smoothed at the base, for example on a sheet of common paper 

* • . ■ * • " 

In step P), the admixing of the sohd binding maker has to be carried put by preferably 
10 mixing according to one of the following procedures: 

- vigorous mechanical mixing of all solid components; 

- mixing in the presence of a suitable solvent which is then eyapoxated, preferably 
chiorofonn or ethartol; 

- mixing the mixture obtained in step (1) or (2) with the solid binding maker in melted 
15 state. 

For the preparation of a preferred embodiment of the biosensor of the invention, a 
biocataly tic. layer can ht applied onto the base surface of said composite transducer, as 
• shown in Figure lA. 
Altemanvely, according to another eml>odiment of the biosensor of the invention, the 
20 biocatalyst can be directly incorporated ;in the body of the composite transducer, as 
shown in Figure IB, by its admixing in step (3X thus obtaining a "bulk"* biosensor. 

Fihaily, the biosensors of the invention can be. covered by a suitable membrane, as 

- 

r 

. descn'l}ed at>ove. 

The biosensors according to the present invention show high spedGdty and sensitivity, 
25 and can be advantageously used in human and. veterinary diagnostics, in industrial 
processes, in the quality control of food, in biotechnology, in the pharmaceutical 
industry, in the environmental monitoring and so on. 

The procedure for the detection and quantification of analytes, in sample solutions or 
suspensions, comprises applying suitable electrode potential, contacting a biosensor 
30 according to the present invention, as described above, with said analytes solutions or 
suspensions and finally measuring current changes, which are proportional to the 
concentration of the analyte. 
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HicfoUowing examples are rep(«ed for illustrative, but not 1^^ 
Example! 

Preipanifiop of a tmnsilacer containing monostearoyl glycerol as solid bindiiig 
maker. " 

• ♦ , ' • 1 » * 

1 g of synthetic graphite powder (Aldnch, Cat. No. 28, 286-3, 1994) was added to a 
solution containing 62 n.g of l,r-dimethyl-feiiocene (Aldrich) in 5 ml of chloroform; 
The mixture was stirred at room teinpcrature until chloroform was completely 
evaporated; 18Q mg of the above mixture were mixed thoroughly with alumina (20 mg, 1 
Mm average particle sizeX Monostearoyl ^ycerol (200 mg) was added and mixed. 
Hie thus obtained matuit was introduced in a bottomless glass tube, having an inner 
(Hanieter of 2 mm, and pressed with a glass rod. Jhc surface of the electrode wsis 
sanoothcd on a sheet of ordinary paper. The electric, contact was made through a copper 
wire. Hie obtained transducer was tested by cyclic voltammetry under the following 
conditions: 0.1 M sodhm, phosphate, pH = 63, saturated with nilfogen. scan latc 
lOQmV/s. instrumentation Amd - model 433V, saturated calomel reference electrode 

(SCEX Pt 66umcr eledrodc. Ihc cyclic voltarnniogram is shown^ 
Exampie2 

Preparation of a transducer containing monost»«iitiyl glycerol as solid binding 
maker. 

20 Graphite powder was added to Ll'-dimethyl-ferrocene, as described in Example L TT,e 
obtained product (200 mg)was thoroughly mixed with NaOon® (100 \ii of 5%, Aldiich. 
Cat. No. 27,470-4, 1994) and then with monostearoyl glycerol (200 mg). The obtained 
mixture was introduced in a bottomless glass tube and tested under the conditions 

desaibcd in Example 1. The eydW vollammogram is shown in Figure 3^ 
25 Examples . 

Preparation of a "bulk" biosensor for the determination of glucose, containing 
monostearoyl glycerol as solid binding maker. 

Graphite powder was added to l.r-dimethyl-fcrroccne, as described in Example 1. The 
obtained mixture (200 mg) was thoionghly mixed with Nafion® (100 jil of 5%, Aldrich, 
30 Cat No. 27,470-4, 1994), The obtained product (190 mg) was Ihoioughly mixed with 
glucose oxidase (10 mg, Sigma, Cat. No. G -7016) and then with monostearoyl glycerol 
(200 mg). The mixtme was introduced in a bottomless glass mbc, having an inner 
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diameter of 2 mm, pressed with a metal rod and the base surface was smoothed on a 
sheet . of ordinary paper. Hie thus obtained biosensor was covered with a dialysis 
membrane (Spectra/Poi® MWCO 6,000-8,000) by means of an O-ring. The biosensor 
was polarized at 250 mV vs. SCE. The response of the biosensor was recorded in a buffer 
5. solution (0*1 M sodium phoqphate, pH = 6.5), under nitrogen stream (to avoid the effect 
of oxygenX for several glucose concentrations. The relationship between glucose 
concentration and current change is shown in Kgure 4.. Hie response was linear up to the 
concentration of 12 mM. The equation for the linear part of the response is I = 0,013 -f 
0364c where ! is the current value [[lA] and c isf the glucose concentration in mM, the 

10 coefBcient of regression r being 0,9997. 

The obtained biosensor underwent also stability tests. It was polarked at potential of 250 
mV vs. SCE in a buffered solution of glucose (4 mM), saturated with mtrogen, and the 
response was recorded after various polarization times. The relationship between relative 
sensitivity and polarization time is shown in Figure 5 (curve 1). 

15 Comparative example 4 

Preparation of the "bulk" biosensor of example 3, in the absence of monostearoyl 
glycerol as solid binding maker. 

A bioisensor was prepared as described in Example 3, without adding monostearoyl 
glycerol as solid binding maker. In order to confer consistency io the transducer, 
20 ordinary wax was added to the mixture instead of monostearoyl glycerol. The sensor 
underwent stability tests, as reponed in Example 3. Figure 5 (ciirve 2) shows that, in the 
abseiice of a suitable solid binding maker, the stability of the biosensor is significantly 
reduced. . / . 
EscampleS 

25 PreparatioD of a "bulk" biosensor for the determination of glucose, containii^ 
cholesteryl oleate as solid binding maker. 

Graphite powder was added to l.l^-dimethyl-ferrocene, as described in Example 1. The 
obtained product (45 mg) was thoroughly mixed with alumina (10 mg), glucose oxidase 
(4 mg) and cholesteryl oleate (42 mg, Sigma, Cat. No. C-9253, 1994). The obtained 
30 mixture was introduced in a bottomless glass tube, having an irmer diameter of 2 mm, 
. and pressed with a metal bar. The base surface was then smoothed on a sheet of ordinary 
paper. The thus obtained biosensor was covered with a dialysis membrane 
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(Spcclra/Poi®, MWCO 6,000-8,000) by means of an 0-ring. The elect, 

polarized at 300 mV vs: SCE. Tht response of the electrode was reconfcd in a buffer 

solution (0.1 M sodium phos?)hate, pH = 63), under nitrogen stream (to avoid the effect 

of oxygenX at several glucose concentrations. The relaUonship between glucose 

concentration and current change is shown in Egure 6. 
Example 6 

• m 

Preparation or a "bulk" biosensor for the determinadoD of glucose, coBtoining 
lecithin as solid binding maker. 

Graphite powdtt was added to Ll'-dimcthyl-ferroccnc, as described in Exaniple 1. 
TTie obtained product (45 mg) was thoroughly mixed with alumina (10 mg), glucose . 
oxidase (4 mg) and ledlhin (30 mg, Fluka, Gal. No. 61755, 1993-1994). Hie obtained 
mixnirc was introduced in a glass tube, pressed and smoothed, and the obtained 
biosensor was covered with a dialysis membrane, as described above. TTic obtained 

electrode was polarized at 300 roV vs. SCE ITie response of the bioscnsorwas record 
15 in a buffer solution (0.1 M sodium phosphate, pH = 6.5), under nitrogen stream (to 
avoid the effect of oxygen), at several glncdse concentrations. Hie relationship between 

glncoseconcMtration and current change is shown in Rgurc 7. 

Example? , 

PreparaUon of a "bulk" biosensor for the detemiinatkm of glucose, coiitaining 

20 monoslearoyl glycerol as solid binding maker. 

1 g of graphite powder was added to a solution of 62 mg of tetrathiafulvalenc (Aldrich. 
Cat. No. 18318-0. 1995) in 5 inl of chkHoform, as described in example 1. 45 mg of die 
obtained product were thoroughly mixed with alumina (10 mg), glucose oxidase (4 mg). 
and monostearoyl glycerol (45 mgX He obtainol mixture was introduced in a glass tubej 

25 pressed and smoothed, and the obtained biosensor was covered vrith a dialysis 
membrane, as described above. The obtained electrode was polarized at 300 mV vs. 
SCE. The response of the electrode was recorded in a buffer solution (0.1 M sodiiim 
phosphate. pH = 6.5), under nitrogen stream (to avoid the oxygen influcnceX at several 
glucose concentrations. The relationship between glucose concentration and cunent 

30 change is shown in Figure 8. 
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Example 8 

Preparation of a "bulk" biosensor for the delermination of ethanol, containing 
nionostearoyi glycerol as solid binding maker. 
L Preparation of G/ttcono&ic/eraijdbnr cells 
5 Cells of Gluconobacter axydans CCM 1783 were grown in a culture medium (IQQ g of 
glycerol, 5 g of yeast extract 1 1, tap waterX al 30*C In the late exponential phase 
- (PI>690 = 0.6), the suspension yfz& centdfbged (5 min at 4,500 rpmX washed three times 
with a sphition of NaQ (10 g/1) and dried under reduced pressure. 
2. Preparation of biosensor 
10 Graphite powder was added to l,r-dimclhyl-fcrroDenc, as descnbed in Example 1. 

The obtained product (200 mg) was thoroughly mixed with Nafion® (100 nl of 5%, 
Aldrich, Cat. No. 27,470-4, 1994). The mixture (120 mg) was thoroughly mixed with 9 
mg of the dried biomass of Gluconobacter arytfans and then with monostearoyrglycerol 
(120mg). 

15 The obtained mixture was introduced in a glass tubp, pr«»ed and smoothed, and the 
obtained biosensor was covered with a . dialysis membrane, as described above. The 
biosensor was polarized at 250 mV vs. SCE. The response of the biosensor was recorded 
in a buffer solution (0.1 M sodium phosphate, pH -6.5), under nitrogen stream (to avoid 
the effect of oxigcn), at several ethanol concentrations. The relationship between ethanol 

20 concentration and current change is shown in Rgure 9. 
Example 9 

Preparation of a biosensor for the determination of glucose^ based on a layer of 

glucose oxidase and containing monostearoyi glycerol as solid binding maker. 

A transducer was prepared as described in Example 2. Glucose oxidase (2 jU, 100 

25 mg/ml) was then applied on the base surface of the transducer. After drying, the obtained 
biosensor was covered with a dialysis membrane (Speclra/Poi<g) MWCO 6,000-8,000), 
by means of an O-ring. TTie obtained biosensor was polarized at 250 mV vs. SCE, The 
response was recorded in a buffer solution (0.1 M sodium phosphate, pH = 6.5X under 
nitrogen streain (to avoid the effect of oxygtn% at several glucose concentrations. The 

30. relationship between glucose concentration and current change is shown in Figure 10. 
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Example 10 

Preparation of a biosensor for the determination of ethanol, based on a liyer of cells 
of Gluconobacter oxydans and containing monosteroyi glycerol :is solid binding 
maker. 

5 1. Preparation of C/i/co/iofcacrerojydfato cells 

ails of C/«c^woi«,rteraxvrf««5 CO! 1783 were gnn^ 
in Example 8.10 Ihe late exponential pIu>5c (0D«»^^^ 

ml) was ccntrifuged (5 min al 4^00 ipmX washed three times with a soluticm of NaQ 
(10 g/1) and finaUy resuspended in the same NaQ solution (1 mlX 

10 2. Preparation of biosensor . . 

A disc of filter paper was put onto a Petri dish and the paper was soaked with Nad 
solution. A disc of membrane for mioofilti^tion (Milliporc. HA 45 pm ponwity, 5 mm 
diameter) was put onto said soaked filter paper arid the suspension of GluccLbacicr 
oxydans (10 pi) was applied onto the membrane. After suction of the liquid, the disc was 

15 put onto the base surface of the transducer^ prepared as leported in Example 2, and fixed 
by mems of a nylon net and of an 0-iing. TTie biosensOr was polarized al 250 mV vs. 
SCE- TTic response of the biosensor was rccoided in a buffer solution (0.1 M sodhim 
phosphate. pH = 6.5X under nitrogen stream (to avoid the effect of oxygen), at several 
ethanol concentrations. The iciationship between ethanol concentration and. current 

20 change is shown in Hgme 11. 
Example 11 

Preparation of a "bulk" biosensor for the determination of etiianol, containing 
monostearoyi glycerol as solid bindig maker. 

* • it* 

* ' . - • • • * 

Graphite powder was added to 1,1 '-dimethyl-^fenocene, as described in Example 1. 
Tht obtained mixture (40 mg) was thoroughly nuxed with alumina (10 mgX NAD (5mg, 
nuka. Gal. N» 43407, 1995-1996) and alcohol dehydrogenase (3 mg, Sigma Cat. N'A- 
7011, 1995). Hic thus prepared product was mixed with monostearoyi glycerol (42 mg). 
The mixture was introduced in a glass tube, preessed and smoothed, and the obtained 
biosensor was covered with a dialysis membrane, as described above! Tbc obtained 
biosensor was polarized at 250 mV vs. SCE. Tht .esponse Of the biosensor was recorded 
in a" buffer solution (0.5 M TRIS-HQ buffer, pH = 8:8). at several ethanol 
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cojicentiations. The relationship between ethanol coqcentration and cuncnt change is 
shown 10: Figure 12. 
Example 12 

Preparation of a transducer containing cholesteryl myristate as solid binding 
5 maker. 

1 g of graphite powder was added to 62 mg of fenocenc, as desGri|bed in Example 1. 
Oiolesteryl myristate (200 mg, Sigma, QAJio. C-5076, 1994) was melted m a porcelain 
dish, immersed in an oil bath heated to 85 Hie above modified graphite (150 mg) 
was added into the melted mass and thoroughly mixed. A PVC tip (inner diameter 2 mm, 
outer diameter 5 mm, length 20 mm) was used as a hdldCT of electrode. Into said tip, a 
brass sdck (diameter 2 mm, length 70 mm) was inserted to create cylindrical q)ace 
(thickness 2-3 mmX The space was filled with the melted mass. The electrode was left to 
cool to room temperature and the excess of the material was cut out on a sand paper 
(type P 1000). TTie surface was then smoothed on a sheet of common paper. The 
transducer was tested by cydic voliammeUy, under the conditions described in Example 
1. The voltammogram is shown in Egure 13. 
Example 13 

Preparation of a biosensor for the determination of glucose, based on a layer of 
glucose oxidase and containing cholesteiyl myristate as solid bindig maker. 
A solution of glucose oxidase (2 |d, 10 mg/ml) was put and spread over the surface of a 
transducer, prepared according lo Example 12. After drying, the electrode was covered 
by a dialysis membrane (5pecrwPor<g>, MWCO 6,000-8,000), by means of an 0-ring. 
Tbe electrode was polarized at 300 mV vs. SCE. The response of the electrode was 
recorded in a buffer solution (02 M sodium phosphate buffer, pH = 8), for various 
glucose concentrations. The relationship between glucose concentration and current 
change is shown in Figure 14. 
Example 14 . 

Preparation of a biosensor for the determination of fructose, based on a layer of 
fructose dehydrogenase and containing choiesteryl myristate as solid bindig maker. 
A solution of fructose dehydrogenase (1 >il, 18 mg/ml, Sigma. CaLNo. F-4892, 1995) 
was put and spread over the surface of a transducer, prepared according to Example 12. 
After drying, the electrode was covered by a dialysis membrane, as described above. The 
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eledrode was pplarized at 300 SCE Tl,e response of the electrode was lecoided 
. « a buffer solution (0.2 M sodiuu. phosphate buffer, pH = 5.8), for various ftuctose 
coucentraUons. The relatior^hip between ftuctose co„ceDtn,.ion and current change is 
shown in Figure 15^ 

Example 15 

P«pan.tioD of a Kosensor for the determination of etbanol, containing cholesterol 
myristate as solid Wndig maker, supplementing the tested solution, with a chemical 
mediator. 

NAD (8 mg) was dissolved in distilled water (1 ml) and graphite powder (74 mg) was 
added. The obtained suspension was stirred for 30 minutes at room tcmpftature. Water 
was then evaporated, under reduced pressure. The obtained product was added into 
melted cholesteryl myristate (120 mg), thoroughly mixed and then introduced mto a 
PVC tip, under the conditions indicated in Example 12. He obtained electrode was left 
to cool to mm temperature and the excess of the material was cut out on a sand paper 
(type P 1000). TTie surface was then smoothed on a sheet of common paper. A solutions 
of APH (1 m, 5 mgAnl) ami diaphorase (U Ml. 50 mg/mJ, Sigma, &t.No. D-5540, 
1995) were mixed and spread over the smfiice of the obtained transducen After drying,' 
the elecimde was covered by a dialysis membrane, as described above. The obtained 
elecuode was polarized at 300 mV vs. SCE. The response of the electrode was recorded 
» a buffer spIuUoa (03 M TOIS-HQ buffer, pH = 8.8), supplemented with 2 mM 
hexacyanoferrate (DI^ for various ethanol concentrations. The relationship between 
etfanol concentration andcnrrcnt change is reported in Kgure 16. 
Examp)el6 

Preparation of a biosensor for the determination of ethanol, containing cbolsteryl 
myristate as solid bindig maker, supplemenUng the tested solutioDS with a chemical 
mediator. 

NAD (8 mg), diaphorase (6 mg) and ADH (2 mg) were dissolved in distilled water (1 
ml) and graphite powder (70 mg) was added. The suspension was stirred for 30 mmutes 
at room tcmperamrc. Water was then evaporated, under reduced pressure. The obtained 
product was added. into melted choJcstcryl myristate (125 mg). thoroughly mixed aud 
then mtroduced into a PVC tip. under the condiupns reported in Example 12. Tbc 
obuined electrode was left to cool to room temperature and the excess of the material 
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was cut out on a sand paper (type P.. 1000). The surface was then smoothed on a sheet of 
common paper and covered with, a dialysis membrane, as desribed abov& The electrode 
was poianzed at 300 mV vs. SCE. The response of the electrode was reomied in a buffer 
solution (0 J M TIRIS-HQ.buffer, pH = 8.8) supplemented with 2 niM hezacyanofenate 
5 (HI), for various ethanol concentrations. The relationship between ethanol concentration 
and current change is ^own in lagure 17. 

Example 17 . 
Preparation of a "bulk" biosensor for the determination of ethanol, containing 
chplesteryl myristate as solid bindig maker, supplementing the tested solutions with 

10 a chemical mediator. 

NAD (5 mg), diapborase (4 mg), ADH (2 mg) and graphite powder (60 mg) were 
thoroughly mixed in a mortar; to the obtained ihixture, cholest^l myristate (95 mg) was 
added and mixed. Chloroform (80 pi) was added and the mixture was vigorously stirred, 
until the. solvent was evaporated. The. final product was introduced into a PVC tube, 

15 having an inner diameter of 2 mm, and pressed with a metal rod. The surface was then . 
smoothed on a ^eeit of common paper and covered with a dialysis ixiembrane, as 
.desribed above. The obtained electrode was polarized at 300 mV vs. SGE. The re^nse 
of the electrode was recorded in a buff er solution (OJ M TRIS-HQ buffer pH = 8.8X 
supplemented with 2 mM hexacyanoferrate (III), for.various ethanol concentrations. The 

20 relationship between ethanol concentration and current change is shown in Figure 18. 
Example 18 

Preparation of a "bulk" biosensor for the determination of glucose containing 
hexadecanone as solid binding maker. 

1 g of graphite powder was added to 62 mg of ferrocene, as described in Example 1. 450 
25 mg of the obtained product were thoroughly mixed with a solution of glucose oxidase 
(50 mg of glucose oxidase in 0^ ml of water) and water was evaporated under reduced 
pressure. 53 mg of the mixture was fiirtberly mixed with melted hexadecanone (70 mg), 
at the temperature of 50*C, and the obtained mixture was introduced into a PVC tip, 
cooled, smoothed and finally covered with a dialysis membrane, as described in example 
30 12. The obtained elccuode was polariied at 300 mV vs. SCE. The response of the 
electrode was recorded in a buffer solution (0.2 M sodium phosphate, pH = 8X at several 
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glucose concentiaUons, He relationship between glucose ccmcentiaUon and anient 
change is shown in Egure 19 (cuive 1). 
Example 19 

Preparation of a "bulk" biosensor for the detenniDalion of glucose, contaimog 
eicosane as soHd binding maken 

A bioscmor for the detoxnination of glucose was prepared as described in example 18. 
with the exception of using cicosane as solid binding makw instead of to^^^ 
■n.e obtained electrode was polarized at 300 mV vs. SCE. Be response of the electn>de 
was recorded in a buffer solution (0.2 M sodium phosphate, pH = S), a, several glucose 
concentrations. The relaUonship between glucose concentraUon and conenl change is 
shown in Figure 19 (curve 2). 
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CLAIMS 

1 1. An electiocbenucai biosensor comprismg: 

2 a) at least an electro-conducting matoial^ in the form of powder or grains; 

3 b) at least a chemical mediator; 

4 c) optionally, a substance capable of sorption of said cbemical mediatoi; 

5 d) at least a solid binding maker, selected ftom the group consisting of: linear 6t 

6 branched, saturated or unsaturated hydrocarbons, containing from 12 to 60 carbon atoms, 

7 optionally substituted wiih at least a group selected from -OH, -SH, -NH2, -CO-, 

8 -CHO, -S03H, -COOH, -ORl, -SRI, -NR1R2 and -COORl, wherem Rl and R2 are 

9 independently hydrocartjon groups Ci-Cao, optionally containing one or moie 

10 heteroatoms; esteis of fatty acids with glycerol; and esteis of fatty acids with cholesterol; 

11 and 

12 e) at least a biocalalyst, seJcctcd from the group consisting of enzymes, cells, cellular 

13 components, tissues, inununoproteins and DNA. 

1 2. The elcctrodiemical biosensor according to claim 1, characterized by the fact that said 

2 biocatalyst is incorporated into the bulk of the composite transducer constituted of the 

3 conaponents (a)-(d). 

1 3. The electrochemical biosensor according to claim 1, characterized by the fact that said 

2 biocatalyst is applied, in the fonn of a layer, onto the surface of the composite 

3 transducer constituted of the components (a)-(d). 

1 4, The electrochemical biosensor according lo anyone of claims 1-3, characterized by 

2 being covered by a suitable membrane. 

.15. The electrochemical biosensor according to claim i, characterized by the fact that said 

2 electro-conducting materia] has a granulometry ranging from 0.05 lo 200 \xm. 

1 6. The elctrocbemical biocatalyst according to claims 1 arid 5, characterized by the fact 

2 that said electro-conducting maioial is a metal selected from the group consisting of 

3 gold, platinurn, palladium, iridium and alloys thereof. 

1 7. The electrochemical biosensor according to claims 1 and 5, characterized by the fact 

2 that said electro-conducting material is carbon or graphite. 

1 8. The electrochemical biosensor according to claim 1, characterized by the fact that said 

2 chemical mediator is selected from ihe group consisting of cytochromes, quinones, 

3 aminopbenols, electronacceptor aromatic compounds, electrondonor aromatic 
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conipounds, organic conducting salts, organic dyes. mctaUoccncs. oxganomctoUic 
complexiMS of 6s, Ru and V, and inorganic complexes of Fe. 

9. The electrochemical biosensor according to claim 8, characterized by the feet that said 
chemical mediator is selccied from the group consisting of TIF. NMP TCNQ 

TIF.tCNQ. NMRTCNQ. ferrocene. Ll'-dimethyl-ferrocene. hexa^anofe'rxatc QT) 
4 and hexacyanofenate (III). . 

10. The electrochemical biosensor accordiiig to claim 1, characterized by the feet thai 
said substance capable of sorption of the chemical mediator is selected from thp group 
consisting of silica gel, alumina, zeolites and Nafion®. 

11. The electrochemical biosensor according to claim 1, characterized by the fed that 
said solid binding maker has a melting point ranging from 25 and 200'C 

12. The electrochemical biosensor according to claim 1. characterized by the fect.that. 
said solid bindmg maker is selected from, the group consisting of hexadecanol, 
h^adecanonc, tctradecylamine, eicosane and tetracosane. 

13. The electrochemical biosensor acconfing to claim 1, characterized by the feet, that 
said solid binding maker is an ester of glycerol with fatty acids, selected from 
monostearoyl glycool and lecithin. 

14. Tht electrochemical biosensor according to claim 1, characterized by the fact that 
said solid binding maker is an ester of cholesterol with a fatty add, selected bom the 
group consisting of cholesteryl myristate. cholesteryl stearate and cholcsteryl pleatc. 

15. The electrochemical biosensor according to claim 1. characterized by the fact that 
said biocatalyst is an enzyme, selected torn the group consisting of glucose oxidase, 
galactose oxidase, glycoUale oxidase, alcohol oxidase, cholesslerol oxidase, polyphenyl . 
oxidase, ascorbate oxidase, lipoxygenase, Kpoxidase, peroxidase, catalase, xanthine 
oxidase, pyruvate oxidase, p-galactosidase, invertase, cholinesterase, citrate lyase, 

6 amylases andmixtures thereof. . 

• * 

1 16. The electrochemical biosensor according to claim 1, characterized by the fact that 
said biocatalyst is an enzyme requiring the presence of a co-factor, in association with 
said co-factor, selected from the group consisting of glucose dehydrogenase, alcohol 
dehydrogenase, fructose dehydrogenase, malate dehydrogenase, lactate dehydrogenase, 
manmtol dehydrogenase, glycerol dehydrogenase, isocitrale dehydrogenase, galactose . 
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6 dehydrogenase^ glucose phosphate dehydrogenase, tartrate dehydrogenase and mixtures 

.7 thereof* 

1 17. The electrochemical biosensor according to claim 16, characterized by the fact that 

* . • ' ' ■ 

2 said co-factor is selected fiom the group consisting of NAD, NADH, NADP, NADPH 

3 FAD, FMM and quinbnes. 

1 18. the electrochemical biosensor according to claun 1, characterized by the fact that 

2 said biocatalysl is composed of . cells, selected from the group (Consisting of 

3 Gluconobacter oxidans, Escherichia coli, Aspergillus niger, Pseudomonas fluorescens^ 

4 Trichosporon brassicae, Saccharomices cerevisiae, Breviacterium laaofermentum, 

5 Enterobacter agglomerans, Leuconostoc mesenteroides, Nocardia erythropolys and 

- • • 

6 mixtures thereof. 

1 19. The electrochemical biosensor according to claina 4, chaiacierized by the fact that 

2 said membrane is selected from the group consisting of dialysis membranes and 

3 membranes based on cellulpse acetate, cellophane®, nitrocellulose, PVC; Teflon, Nylon, 

4 polycarbonates and polyesteis. 

1 20. The electrochemical biosensor according to claim 1, characterized by comprising, 

2 with reference to 100 parts by weight of the mixture of the components (a)-{d): 

3 a) electro-conducting material: from 20 to 80% by weight; 

4 b) chemical mediator from 0.5 to 30% by weight; 

5 c) substance capable of sorption of said chemical mediator: from 0 to 30% by weight; 

6 d) solid binding makcn from 10 to 80% by weight, 

1 21. The electrochemical biosensor according to claim 20, characterized by comprising, 

2 with reference to 100 parts by weight of the mixture of the components (a)-(d): 

3 a) electro-conducting material: from 30 to 60% by weight; 

4 b) chemical mediator from 1 to 10% by weight; 

5 c) substance capable of sorption of said chemical mediator; from 1 to 20% by weight; 

6 d) solid binding maker: from 30 to 60% by weight. 

1 22. The elearochemical biosensor according to claims 1, 10^ 20 and 21, characterized by 

2 the fact that said substance capable of binding the chemical mediator is contained in a 

3 quantity ranging from 0 to 30% by weight, when it is silica, alumina or zeolites, and 

4 from 0 to 5% by weight, when it is Nafion®, with reference to 100 parts by weight of the 

5 mixmre of the coropoDenis (a)^(d). 
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23:1116 electrochemical biosensor according to claim 2, characterized by the fact thai 

2 said biocalaiyst incorporated into the bulk of 

3 quantity ranging from 1 to 30% by weight, with reference to the weight of said 

4 transduce. ' 

24. A process for the preparation pf a biosensor as described in anyone of claims 1-23, 
comprising the following steps: 

1) mixing an electro-conducting material with a chemical mediator, 

2) optionally mixing the mixture obtained in step (1) with a substance capable of 
soiption of said chemical mediaton 

3) optionally moing the malure obtained in step (1) or (2) wiA . 

4) suitably mixing the mixture obtained in step (1), (2) or (3) with a sbUd binding maker; . 

5) introducing and optionally pressing the mixture obtained in step (4) ih a suitable 
9 bolder, thus obtaining a compact form; 

* * 

10 6) when step (3) is not worked out, applying a biocataly tic layer onto the surface of the 

11 transduce obtained in slep (5); 
7) optionally covering the Wbsensor obtained in step (5) or (6) with a suitable rnembrane. 

25. The process according to claim 24, characterized by the feet that, in step (4), said 
solid binding maker is mixed with the mixture obtained in step (1), (2) or (3) according 
to (me of the. following procedures: 

- vigorous mecbaoical mixing of the solid components; 

- mixing in the presence of a suitable solvent which is then evaporated; 
6 - mixing with the solid binding maker in melted state. 

26. A procedure for the determination of analytes coricentration in a solution or a 
suspension, comprising: applying suitable electrode potential; contacting a biosensor, as 
described in anyone of claims 1-23, with said solution or suspension; and finally . 
measuring cuncnt changes, which are proportional to the concentration of said analytes. 

27. ITie procedure according io claim 26, characterized by the fact that the chemical 
mediator is contained in the bulk of said biosensor and/or in said sample solution or 

3 suspension. 

J 28. The procedure according to claim 26, useful for the detennination of analytes 
2 concentration in human and veterinary diagnostics, in industrial processes, in the quality. 
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